Basin is dominated by the recently-invaded rainbow smelt (Osmerus mordax (Mitchell, 1814)), whereas emerald shiner (Notropis atherinoides (Rafinesque, 1818) ) is prevalent in the South Basin (Lumb et al. 2012) . Walleye and sauger have been shown to feed heavily on invasive rainbow smelt in the North Basin of Lake Winnipeg (Sheppard et al. 2015) and this study will examine the potential effect of this predator-prey relationship on the condition and growth of walleye and sauger in the lake. With other invasions to the lake, such as zebra mussels and spiny water fleas (2013 and 2011 respectively; Jansen et al. 2017) , this paper will provide baseline information to help predict the effects of these invasions on walleye and sauger and aid in their management. In addition to limnological differences between the two basins of the lake in mid-summer (e.g., temperature, turbidity; McCullough and Levesque 2011), exploitation rates of walleye and sauger also differ between the basins, with the South Basin supporting the vast majority of the commercial harvest due to accessibility (Franzin et al. 2003; Moles et al. 2010 ).
The exploitation rates, limnology and prey community of a water body can greatly influence important aspects of fish life history, such as growth rate, length, mass, mesenteric fat levels and overall body condition of fish (Huh et al. 1976; Quist et al. 2002; Hoxmeier et al. 2006; Kaufman et al. 2007; McPherson et al. 2011) . Condition and growth of piscivorous fishes are clearly linked to prey availability and prey type consumed (VanDeValk et al. 2008) . Indeed, higher net energy should translate into higher energy reserves, which can be allocated to growth, maintenance or reproduction (Madenjian et al. 1996; Einfalt and Wahl 1997; Stewart and Watkinson 2004; VanDeValk et al. 2008; Kaufman et al. 2009 ). For instance, increased walleye growth has been associated with invasions of rainbow smelt (Jones et al. 1994) , which walleye and sauger consume D r a f t predominantly in the North Basin of Lake Winnipeg (Sheppard et al. 2015) . Although the energy density of rainbow smelt does not appear to be greater per gram than other prey (e.g., cisco, freshwater drum and troutperch) in the North Basin (Sheppard et al. 2015) , smelt is likely the most energetically profitable prey type owing to its larger body size (Sheppard et al. 2015) , high abundance in the North Basin (Gamble et al. 2011; Lumb et al. 2012 ) and ease of capture (i.e.
remain motionless in the water column to avoid predation; Mason et al. 1998 ). Natural and fisheryinduced mortality can also influence growth and condition; for instance, heavily exploited walleye populations tend to be in better condition (i.e., have a higher body lipid content; Kaufman et al.
2007
) due to lower population densities, effectively removing prey density as a limiting factor.
Indeed, commercial exploitation rates of walleye and sauger are considered to be very high in Lake
Winnipeg compared to other water bodies (Kaufman et al. 2007 ). There are minimum mesh size regulations to regulate the commercial harvest, which differ between the basins (76 mm minimum in the South Basin, 95 mm minimum in the North Basin in the open water season; Ayles et al.
2011
). Interestingly, a growth morphotype of walleye, the dwarf walleye, which grows more slowly and matures at a later age, occurs in Lake Winnipeg and appears to be more abundant in the South Basin where it is subject to commercial fishing but is less susceptible to common fishing gear until it is much older (Johnston et al. 2012) . Overall, quantifying life history traits is important for appropriate management of economically and ecologically important species.
The primary objective of this study was to quantify the growth and condition of walleye, sauger, and dwarf walleye in both basins of Lake Winnipeg. Because of sex-based differences in reproductive allocation, growth and condition (Scott and Crossman 1998; Purchase et al. 2005; Madenjian et al. 2009; Johnston et al. 2012) , sex-specific growth rates and body condition were compared within each species/morphotype between basins. Basin variation in sex-specific growth rates and condition are hypothesized to have one of two possible patterns. If a diet composed of rainbow smelt is an important factor determining growth rates and condition, fish would likely have higher growth rates and condition in the North Basin relative to the South Basin.
Alternatively, if higher commercial exploitation rates and higher prey abundance in the South Basin combine to minimize intraspecific competition, fish would likely have higher growth rates and condition in the South relative to the North Basin. Comparing the growth rates and condition of a species between basins is important for setting differential fishing regulations for each basin in order to manage each species effectively. Overall, this study provides a better understanding of the D r a f t growth and condition of walleye, dwarf walleye and sauger populations in Lake Winnipeg and the potential impact of non-indigenous rainbow smelt on their growth and condition which may contribute to management of and policy decisions for the commercial fishery.
Methods and Materials

Study Area
The invasive rainbow smelt (Osmerus mordax) was first documented in Lake Winnipeg in late 1990 (Franzin et al. 1994) 
Field Sampling
Walleye and sauger were collected using 12-hour gill-net sets of varying stretched mesh sizes (multiple panels; 25 -127 mm) arranged horizontally and perpendicular to the shore overnight. Four locations in the South Basin and seven locations in the North Basin were sampled in spring (2010 , 2011 ), summer (2010 ) and fall (2010 , 2011 Fig. 1) . Commercial fishers from Gimli, MB provided fish in the winter (March 2011; 76 mm stretched mesh gill-nets set near-shore through ice). Samples sizes were spatially supplemented by trawling in the North and South Basins of Lake Winnipeg during spring (2010, 2011), summer (2010) and fall (2010, 2011) . Trawls were conducted at up to 65 stations ( Fig. 1) Length and round weight of each fish was used to calculate the relative condition index (K n ; Hansen and Nate 2005). Additionally, as walleye, and likely sauger, are known to store their fat in the viscera (Henderson and Morgan 2002; Kaufman et al. 2007 ), condition was assessed using a bioenergetic method, i.e., mesenteric fat stores. Mesenteric fat levels in the body cavity were rated qualitatively from 0 -2, with 0 indicating little to no mesenteric fat (0 -25%), 1 indicating some (roughly 25 -75%), and 2 indicating a large amount (75 -100%).
Data Analysis
Data analysis was performed using the Statistix 10 software. Length data were normally distributed (verified using Shapiro-Wilk and Kolmogorov-Smirnov tests) and, thus, parametric statistics were used. To investigate differences in sex-specific growth rates between species/morphotype and basin, an analysis of covariance (ANCOVA) was used to compare mean D r a f t lengths adjusted to the average age. Significant differences indicated differences in growth rate.
Using age as a covariate assumes a linear relationship; therefore, age 2 was used as a covariate as well to ensure that the ANCOVA also represented non-linearity in the shape of the growth curve.
Sex, species, and basin were included as independent factors in the analysis and all two-way and three-way interactions were included in the model. As the ANCOVA assumes that all species/morphotypes and sexes of fish have the same growth curve, we additionally performed an analysis of variance (ANOVA) on the three most frequently observed age classes to determine whether length differed among fish at each age and whether age-specific length differed significantly between species or sex. There were sufficient data for ages 3-, 4-and 5-year-old normal walleye and sauger, and these ANOVAs addressed the issue of the rapidly changing shapes of the growth curves at these ages. Fish older than age 5 were nearing the growth plateau ( Fig. 2a , b and c); therefore, it was reasonable to rely on ANCOVA with age and age 2 as the covariates for these older fish.
The relationship between age and length was fitted to several standard functions, e.g., ) was constrained by defining the length at age zero as 0 cm and estimating the length at age infinity as the maximum length of fish caught for each sex and species/morphotype. Constraining the Von Bertalanffy growth curve in this manner does not result in a substantial bias in either freshwater or reef fish species (Kritzer et al. 2001; Beauchamp 2002) and is consistent with Manitoba monitoring programs for this species and other freshwater fish (Lumb et al. 2007 ).
Length and round weight were used to determine an allometric linear regression for condition and a relative condition index (K n ). K n was calculated for each individual following
Hansen and Nate (2005):
where W is the round weight (g), L is the length (mm), and α and β are regression coefficients from the function log(W) = log(α) + β·log(L) that was fit by a separate least squares regression for each Pearson's correlation was performed to determine whether these two condition indices were correlated. Mesenteric fat levels were transformed to the midpoint of their fat content (0 = 12.5%, 1 = 50% and 2 = 87.5%) for presentation (Fig. 5) .
Results
In total, 616 walleye, 32 dwarf walleye and 462 sauger were sampled (15% of these samples were collected from trawls). Although every effort was made to obtain samples for all species/morphotypes from each basin in each season, there were inevitable gaps. For example, only two dwarf walleye were obtained from the North Basin, suggesting that they may not be present in large numbers. Additionally, sauger appear to exist in lower densities in the North Basin compared to the South Basin (over 90% of sauger sampled were from the South Basin) which may be related to commercial exploitation rates and minimum mesh size regulations. Similarly, the numbers of each size and sex of fish varied among catches, so that most of the data were for 3-to 5-year-old walleye and 3-to 5-and 7-year-old sauger. As well, walleye >8 years old were mostly female. A table of sample sizes can be found in the Appendix (Table A1) .
Growth Rate
Normal walleye had significantly higher growth rates than sauger, and both had significantly higher growth rates than dwarf walleye (ANCOVA, Table 1 , Fig. 2a ). Walleye and sauger in the North Basin had higher growth rates than those in the South Basin (Fig. 2b, c) , and female walleye had higher growth rates than males, shown by larger length-at-age (ANCOVA, Table 1 , Fig. 3 ).
Walleye had consistently larger age-specific mean fork lengths than sauger, females of both species had significantly larger average fork lengths than males (ANCOVA, Table 1 , Fig. 3 ) and these differences were significant in ages 3, 4 and 5 fish, for which we had sufficient sample sizes (Fig. 3) . Both walleye and sauger in the North Basin generally had larger average fork lengths than conspecific fish from the South Basin for the majority of ages; however, this was only significant for age 5 walleye (Table 1 , Fig. 3) . Interactions in the model (basin*sex, species*sex, basin*species and basin*species*sex) were also not significant ( Fig. 2 ).
The growth rates of dwarf walleye were analyzed separately from growth of normal walleye and the ages of dwarf walleye sampled were notably older than the majority of normal walleye sampled (Fig. 3) . The age and age 2 covariates were statistically significant and there was no significant difference in growth between sexes (Table 1 ). An ANOVA examining differences in growth of dwarf walleye between basins was not performed due to low sample sizes from the North Basin.
Condition
Using allometric linear regressions, significant differences were not found between coefficients of male and female walleye (Sheppard 2013) and, thus, data for both sexes were combined in one linear regression for analysis of walleye condition. Unlike walleye, there were significant differences in the coefficients of male and female sauger (Sheppard 2013), thus separate equations were generated.
Relative condition (K n ) of walleye differed between basins (Fig. 4a ) and among seasons (Fig. 4b ). There was a significant interaction between season and basin (ANOVA; Table 2 ).
Maturity, season, basin and season/basin were all found to be significant factors in the sauger model (Table 2) . Post hoc tests revealed that North Basin walleye and sauger both had D r a f t significantly higher K n than those in the South Basin (Fig. 4a ). K n of walleye and sauger differed among seasons and was significantly higher in winter relative to any other season for walleye (Fig. 4b) . Sample sizes for dwarf walleye in the North Basin were too low to compare between basins.
Walleye and sauger from the North Basin had significantly higher mesenteric fat levels than those in the South Basin (F 1,691 = 68.06, p < 0.001 and F 1,514 = 137.41, p < 0.001 respectively; Fig. 5d ), whereas mature sauger had higher mesenteric fat levels than immature sauger (F 1,514 = 12.45, p < 0.001; Fig. 5d ).
K n values were significantly different among mesenteric fat levels in walleye (ANOVA, F 2,690 = 14.93, p < 0.001) and sauger (F 2,513 = 10.94, p < 0.001). For walleye and sauger, mesenteric fat levels 1 and 2 (50% and 87.5% respectively when transformed to their midpoint) did not differ, but both were higher than fat level 0 (12.5% when transformed to their midpoint;
Scheffé's multiple comparison of means; Fig. 6 ). Additionally, K n and mesenteric fat level were significantly correlated for walleye (r <0.3198, p < 0.0001) and sauger (r <0.2107, p < 0.001).
For dwarf walleye, K n did not differ between maturity stages or sex; thus, the sexes were pooled in the allometric linear regression analysis (Table 2) . Condition differed among seasons (Table 2) , with higher condition in the fall than the spring but did not differ from the summer or winter (Fig. 4) . There was no mesenteric fat in dwarf walleye, regardless of maturity, sex or season ( Winnipeg which may suggest that the differences in the walleye between basins may be due to differences in their environment (Backhouse-James and Docker 2012). Although variation in temperature and turbidity between basins would influence walleye and sauger growth and condition, differences in temperature between basins is minimal and the entire lake would be considered highly turbid, suggesting again that this variation in growth and condition may be primarily due to dietary differences.
Lake Winnipeg is unique, as it appears to be one of the only ecosystems that has walleye, have large enough gapes to access these more profitable prey. This suggests that survival of dwarf walleye would be higher in the South Basin, where they seem to exist in higher densities.
D r a f t
In conclusion, the differences in growth and condition of walleye and sauger between basins may be attributed to inter-basin dietary differences (Sheppard 2013), mostly resulting from the invasion of rainbow smelt into Lake Winnipeg. Additionally, greater fishing effort in the South
Basin, compared to the North Basin may allow sauger to coexist with walleye as well as increase the prevalence of dwarf walleye in the South Basin. Overall, this study contributes observations of dwarf walleye distribution and provides baseline data against which to assess the future growth and condition of these populations owing to recent invasions of zebra mussels and spiny water fleas D r a f t D r a f t Figure 2 : Fork length-at-age of normal growth walleye (black, Sander vitreus), sauger (grey, Sander canadensis) and dwarf walleye (dotted) in Lake Winnipeg, Manitoba (a), fork length-at-age of age 3-5 walleye (b) and sauger (c) seperated into the North Basin (black) and South Basin (grey). All trend lines fitted using the Von Bertalanffy growth curve where t0 was set to zero and L∞ was set to the maximum length of each group of fish sampled.
153x204mm (300 x 300 DPI) D r a f t Scheffé's post hoc tests. Mesenteric fat levels were transformed to the midpoint of their fat content (0 = 12.5%, 1 = 50% and 2 = 87.5%) for presentation.
81x60mm (300 x 300 DPI) D r a f t Figure 6 : Mean (± SE) relative condition (Kn) of walleye (Sander vitreus) (black; n=693) and sauger (Sander canadensis) (gray; n=516) with three different levels of mesenteric fat. Mesenteric fat levels were transformed to the midpoint of their fat content (0 = 12.5%, 1 = 50% and 2 = 87.5%) for presentation. 60x34mm (300 x 300 DPI) D r a f t
